Rice (Oryza sativa L.) ssp. indica is the most cultivated species in the South of Brazil.
To determine changes in viability of cells by cold treatment, excised roots (n = 5 1 3 5 per genotype/ treatment) were immersed for 5 h in a 0.25% (w/v) aqueous solution of 1 3 6
Evans Blue (Romero-Puertas et al. 2004) . Roots were photo documented with a digital 1 3 7 camera coupled to a stereomicroscope. Histochemical detection of lipid peroxidation was performed as described by 1 4 1 Pompella et al. (1987) . In brief, roots (n = 5 per genotype/ treatment) were stained with 1 4 2 Schiff's reagent for 60 min, to detect aldehydes originating from lipid peroxidation. After the reaction with Schiff's reagent, roots were rinsed with a sulfite solution (0.5% with a digital camera coupled to a stereomicroscope. protected of and less damaged by the oxidative stress caused by low temperature than 2 4 5 roots from CS plants. Such differences in physiological responses, together with the fact 2 4 6 that most cold-tolerance studies are performed only with rice leaves, encouraged us to 2 4 7 better understand the molecular responses of these roots under low temperature stress 2 4 8 using RNAseq. (28°C) conditions for 24h were used to identify differentially expressed mRNAs using 2 5 3 the Illumina Platform. Since we were interested in understanding the molecular basis of 2 5 4 tolerance, we focused on the differences between genotypes in the same experimental Supplementary Tables 2 and 3 . Under control condition, 104 sequences were more 2 5 8 expressed in the CT genotype, and 98 in the CS genotype. Under cold condition, 235 2 5 9 sequences were more expressed in the CT genotype, and 347 in the CS one ( Figure 3a ). As these genotypes are sister lines (Sperotto et al. 2018) , and therefore share a similar 2 6 1 genetic background, the low number of differentially expressed sequences between CT 2 6 2 and CS was expected. Interestingly, 71 and 69 sequences were more expressed in the 2 6 3 CT and CS genotypes, respectively, regardless the tested condition ( Figure 3b ). These 2 6 4 sequences with common expression patterns on the CT and CS genotypes under both 2 6 5 treatments are listed in Supplementary Table 4 . Also, three sequences presented 2 6 6 opposite expression pattern in the CT and CS genotypes: LOC_Os09g29490 2 6 7 (peroxidase precursor) and LOC_Os07g14740 (harpin-induced protein 1 domain 2 6 8 containing protein) were more expressed in the CT genotype under control condition, and more expressed in the CS genotype under cold condition. On the other hand, LOC_Os02g17780 (ent-kaurene synthase) was more expressed in the CS genotype Table 4 , marked in gray color). The GO categories with the highest percentage of annotated genes within each shown for both genotypes under control and cold conditions ( Supplementary Figure 1 ).
7 8
Comparing both genotypes under control condition, GO analysis indicates that the CT 2 7 9 genotype presents more active protein metabolic processes (phosphorylation and 2 8 0 modification), phosphorus metabolic processes, macromolecule modification, and 2 8 1 transferase/kinase activity. On the other hand, other biological processes such as 2 8 2 response to stress, defense response, cell death, and apoptotic process, are more active It was possible to assign metabolism categories to 55 and 59 genes more 2 9 2 expressed in the CT and CS genotype, respectively, after control treatment, and 134 and 2 9 3 223 genes more expressed in the CT and CS genotype, respectively, after cold exposure. It is interesting to note that cold treatment activates several metabolic pathways in both related genes are more expressed on the CT genotype, while stress-and secondary 2 9 7 metabolism-related genes are more expressed on the CS one ( Figure 4a ). Under cold 2 9 8 condition, most of the metabolic pathways seem more active in the CS genotype (except cell wall-and carbohydrate metabolism-related - Figure 4b ), suggesting that the CS 3 0 0 genotype is deeply affected by low temperature stress, while the CT genotype presents Tables   3  0  8 2 and 3). In order to facilitate the overall understanding of the differential gene 3 0 9 expression in each functional category presented in Supplementary Tables 2 and 3, we 3 1 0 summarize these data in Table 1 . Seven functional categories (antioxidant system, 3 1 1 carbohydrate metabolism/energy production, cell wall, lipid metabolism, others, 3 1 2 signaling, and stress response) were more represented in CT than in CS roots under transcription factor, and transport) were more represented in CS than in CT roots ( Table   3 1 5 1). Under cold treatment, we detected four different patterns, based on the number of 3 1 6 differentially expressed sequences and expression level: 1) functional categories with 3 1 7 similar representation in both CT and CS genotypes (carbohydrate metabolism and 3 1 8 energy production, lipid metabolism, nucleotide metabolism, secondary metabolism, 3 1 9 stress response, and others); 2) functional categories more represented in CT than CS represented in only one of the genotypes (cytoskeleton in CT, and DNA structure 3 2 2 maintenance + photosynthesis in CS); and 4) the most common pattern, containing 3 2 3 functional categories more represented in CS than CT genotype (amino acid 3 2 4 metabolism, antioxidant system, calcium-related, defense, hormone-related, protein 3 2 5 degradation/modification, transcription factor, translation-related, transport, and 3 2 6 unknown). It is interesting to highlight the higher expression of cell wall-related genes under cold condition on the CT genotype (Table 1) , which agree with the higher root represented in CS than CT genotype (Table 1) agrees with the metabolic pathways data 
Confirmation of RNAseq expression patterns using RT-qPCR
To further confirm the quality of our libraries and to evaluate possible induction 3 3 7 or repression of expression by the cold treatment, 10 genes were randomly selected for 3 3 8
RT-qPCR analyses: six genes with higher expression in the CT plants under both tested 3 3 9 conditions, three genes with higher expression on the CS under cold, and one gene with and 3). The differences in expression between the two genotypes after cold exposure, Root system architecture is a complex trait controlled by several genes and Supplementary Table 2 ), the number of over-represented functional categories was 3 5 3 higher in CT than CS under control condition (Table 1 ). According to Janiak et al. representative of a constitutive tolerance mechanism, as previously suggested for cotton Under control condition, the CT genotype stood out with higher expression of ( Supplementary Table 2 ). OsCel9A, a rice glycosyl hydrolase family gene, plays an the first root-hairless mutant in rice, rh2, whose absence of root hairs is likely caused by 2009). Also, pskr1-3 pskr2-1 mutant seedlings had shorter roots and hypocotyls than the during the initial stage of root hair development in barley. It is important to highlight 3 9 2 that this same gene (wali7) was also detected more expressed in the CT than CS under 3 9 3 cold condition ( Supplementary Table 3 ). On the other hand, under control condition the CS genotype showed higher 3 9 5 expression of genes related to defense, hormone-related, secondary metabolism, transcription factor, and transport (Table 1 and Supplementary Table 2 ). As previously 3 9 7 discussed, there is no direct relation between the expression of most of these genes with Table 2 ). It was shown that ethylene treatment can up-regulate Therefore, several ethylene-related genes were found more expressed on the roots of CS 4 1 6 than CT plants. It is important to highlight that high levels of ethylene can inhibit root was lower in CT than CS (235 more expressed on the CT genotype, and 347 more 4 2 5 expressed on the CS - Figure 3 and Supplementary Table 3 ). Also, the number of over- represented functional categories was lower in CT than CS under cold condition (Table   4 2 7 1), suggesting that the CS genotype is more prone to sense and more impacted by low 4 2 8 temperature stress than the CT. Under cold treatment, the CT genotype showed higher 4 2 9 expression of genes related to only four categories: cell wall, cytoskeleton, growth, and 4 3 0 signaling (Table 1 and Supplementary Table 3 ). The cell wall senses and broadcasts stress signals to the interior of the cell, by Table 3 ). Glycosyl perform several cellular roles, perhaps most notably coordinating the deposition of 4 6 5 cellulose microfibrils in the cell wall (Gardiner, 2013) . Kinesins, the ATP-driven 4 6 6 microtubule (MT)-based motor proteins, have been reported to be involved in many 4 6 7 basic processes, including cell division and organ development (Fang et al. 2018 ).
6 8
Recently, Xu et al. (2018) showed that a rice class-XIV kinesin (coded by one of the 4 6 9
kinesin genes detected in our study -Os04g53760) actively transports microtubules required for root meristem maintenance, which is essential for the maintenance of root al. 2011). Even though, we were not able to detect differential expression of auxin- independent growth promoter protein in CT than CS ( Supplementary Table 3 ). peroxidases that catalyze the reduction of H 2 O 2 to water, being induced in response to 4 9 8 cold stress. Passaia et al. (2013) showed that silencing the cold-inducible OsGPX3 gene promotes root hair elongation via phospholipid signaling and metabolism, suggesting 5 1 8 that the mediation of these processes by PITP is required for root hair elongation in rice Thioredoxin-like 1 (TTL1 -At1g53300) gene cause reduced tolerance to NaCl and 5 2 1 osmotic stress that is characterized by reduced root elongation (Rosado et al. 2006) .
2 2
Therefore, we hypothesize that the TTL1 gene found in our work could be the rice presented by the CT genotype (Figure 1) .
2 6
On the other hand, under cold condition the CS genotype showed higher 5 2 7 expression of genes related to several categories: amino acid metabolism, antioxidant 5 2 8 system, calcium-related, defense, DNA structure maintenance, hormone-related, protein 5 2 9 degradation/modification, transcription factor, translation, transport, and unknown 5 3 0 1 8 (Table 1) . For this genotype, only the genes that based on the literature are involved 5 3 1 with cold sensitivity will be discussed. Among the defense-related genes, we found 5 3 2 SRC2 gene ( Supplementary Table 3 ). In Arabidopsis, low temperature treatment 5 3 3 induces expression of AtSRC2 gene in roots, which binds to AtRbohF to enhance the 5 3 4
Ca 2+ -dependent ROS production (Kawarazaki et al. 2013) . Therefore, we hypothesize 5 3 5 that the cold-inducible protein SRC2 found in CS genotype can function in cold (ROOT ARCHITECTURE ASSOCIATED1 - Supplementary Table 3 ), a GTP-binding transcription factor (Supplementary Table 3 ). As previously discussed, high levels of 5 4 7 ethylene can inhibit root growth (Qin and Huang, 2018) , and therefore we believe the glucosyltransferase 2) was also found more expressed in CS than CT. It is already 5 5 1 known that decreased cytokinin levels in roots results in increased root growth and The genetic improvement of root system has been regarded as an important approach to 5 5 8 enhance crop production (Kitomi et al. 2018 ). Here we present a list of differential expressed genes that might be involved with cold tolerance and sensibility in rice plants. 
Figure legends

